Introduction
Chrysotile is the most toxic asbestiform mineral (1) . This asbestos type causes fibrotic and neoplastic lung disease consequent to inhalation by animals (2) and man LY). The mechanisms through which chrysotile asbestos exerts its toxic effects have been speculated upon (1, 4, 5) . One reasonable hypothesis is that positively charged magnesium ions on the surface of the asbestos fibers bind to negatively charged sialoglycoproteins on cell membranes (1) . This has been tested in erythrocyte systems where hemolysis is measured (6) and in cultured cells studied biochemically (7) . We have addressed this hypothesis further by studying the distribution of erythrocyte membrane glycoproteins before and after treatment with chrysotile asbestos. The significance of changes in cell surface glycoprotein distribution is assessed by correlative studies of intracellular Na4 to K4 ratios.
Materials and Methods
Blood was drawn (through cardiac puncture) from white rats into a syringe and diluted 1:10 in a solution of 0. 
Results and Discussion
Red Blood Cells and Asbestos Light microscopy and scanning electron microscopy showed that over 80% of untreated RBCs exhibited a normal biconcave morphology after 4 hr in Tris-buffered saline (Fig. la) . Addition of chrysotile asbestos led to distortion and deformation of 75-80% of the cells within 15 min of treatment (Fig.  lb) . Asbestos fibers were intimately associated with RBC membranes as has been shown previously by Craighead et al. (11) . It appeared as though portions of the membranes were drawn around asbestos fibers (see Figs. 3 and 4) .
Pretreatment of RBCs with neuraminidase (NA)
protected over 75% of the cells from the deforming effects of asbestos (Fig. 2) . Even though the NAtreated cells were surrounded by asbestos, the normal morphology was maintained. These findings correlate with earlier studies where it was shown that neuraminidase decreased the hemolytic potential of chrysotile asbestos (1, 6) . We have illustrated that early asbestos-induced membrane distortions are prevented by neuraminidase. Such RBC deformation could be integral to the hemolytic process. The protection imparted by neuraminidase strongly suggests a role for negatively charged sialic acid in mediating membrane binding to positively charged chrysotile asbestos (1, 6) . The significance of membrane and cell deformation is considered below.
RBCs and Wheat Germ Agglutinin (WGA)
SEM clearly illustrated that gold-conjugated wheat germ agglutinin (Au-WGA) was evenly distributed across the surface of normal RBCs (Fig. 3a) . This reaction was blocked by prior treatment of RBCs with wheat germ agglutinin. Pretreatment of the cells with chrysotile asbestos severely altered the normal Au-WGA distribution pattern on distorted cells (Fig. 3b) . The number of Au-WGA labeled sites per unit area of asbestos-reacted RBC surface was reduced to less than 30% of the control level.
WGA is known to bind to n-acetylglucosamine and n-acetylneuraminic (sialic) acid on cell membranes (12) . Our findings suggest that these mem- interaction with sialoglycoproteins (13, 14) . Our results are consistent with this view in that RBCs were labeled evenly with Au-WGA before and after treatment with silica.
Intracellular Na+:K+ Ratios
The relevance of RBC deformation to the actual events which produce hemolysis is not known. It has been proposed that asbestos-induced redistribution of membrane glycoproteins could lead to alterations of Na+ and K+ exchange across cell membranes (1, 14) . We have addressed this issue by determining the intracellular Na+:K+ ratios in normal and asbestos-treated RBCs. The mean intracellular Na+:K+ ratio in normal appearing untreated cells was 0.56 (range= 0.30-0.85). Cells analyzed from 5 to 15 min after asbestos treatment exhibited a mean ratio of 1.28 (range= 0.82-2.57). Over 120 cells were analyzed in three separate experiments. These data suggest that RBCs distorted by asbestos rapidly lose the ability to balance Na+ and K+ ions. Normal ion flux may be adversely affected by redistribution of cell-surface glycoproteins (1) and concomitant cell distortion. Anomalies of ion transport are known to result in lysis of RBCs (15) .
Preliminary Studies with Lectin from
Limulus polyphemus A lectin separated from the hemolymph of the horseshoe crab Limulus polyphemus is specific for n-acetylneuraminic (sialic) acid (16) . The Limulus protein conjugated to colloidol gold spheres (AuLim) was used to further study RBC membrane glycoproteins before and after treatment with asbestos.
Au-Lim conjugates were distributed evenly across the surfaces of normal RBCs (Fig. 4a) . Preliminary observations of asbestos-treated cells suggested that regions of the cell adjacent to membrane-bound fibers were essentially devoid of the Au-Lim label (Fig. 4b) . In addition, asbestos fibers embedded in RBC membranes were heavily encrusted with Au-Lim, while free fibers exhibited few attached gold spheres (Fig. 4b) . These experiments have not been adequately controlled at this point in time, and it is not possible to draw firm conclusions. However, these observations again support the concept of an asbestos-sialic acid interaction which correlates with cell deformation.
Our studies, like those of Sykes et al. (14) , lend supporting evidence to the concept of asbestos-induced RBC injury mediated through interactions with membrane glycoproteins (1) . Whether or not these mechanisms are operative in pulmonary cells affected by asbestos is the subject of ongoing studies.
